INTRODUCTION
Nuclear magnetism and nuclear magnetic ordering has been extensively studied in Cu and Ag at ultra low temperatures during the past several years. In Cu, neutron diffraction experiments have revealed the existence of three different antiferromagnetic phases which include novel ordered structures characterized by a (0, 2/3, 2/3) Bragg-refleetion. 1 In silver, antiferromagnetic ordering has been observed below the record-low transition temperature of 560 pK. 2 More recently, ferromagnetic ordering has been found at negative temperatures in the range T > -1.9 nK. 3 In this paper we shall briefly review the magnetic ordering in silver at negative temperatures and also publish some new experimental results; for a summary on the antiferromagnetic ordering we refer to the recent paper by Hakonen, Lounasmaa, and Oja. 4
Nuclear spins in silver, cooled by "brute-force" adiabatic demagnetization, provide a more general model system for studies of magnetism at T < 0 than the dieleetrie materials investigated extensively by Abragam, Goldman and coworkers. 5 The magnetic interactions in silver are dominated by antiferromagnetic exchange which causes ferromagnetic ordering since an isolated spin system at negative temperatures tends to maximize its Helmholtz free energy. The presence of long-range dipolar interactions gives rise to the formation of magnetic domains, as in more usual ferromagnetic materials. Since there is no easy-axis symmetry in silver, like in CaF 2 and LiH in a rotating coordinate frame, the domain configurations have a large degeneracy. Therefore, a broad spectrum of ferromagnetic domain configurations, with only little hysteresis, are expected to appear in silver.
THEORETICAL BACKGROUND
The Hamiltonian for silver nuclei with spin I i = 1/2 can be written in the form
where B is the external magnetic field, J~ denote the exchange integrals of the Ruderman-Kittel interaction, and ~dip stands for the usual dipolar interaction; the 14% difference in the gyromagnetic ratios ?i of the two silver isotopes l°TAg (51.8%) and l°gAg (48.2%) can be neglected. The magnitude of the spin-spin interactions is often described by the parameter
where Po is the permeability in vacuum and p is the number density of silver atoms. Susceptibility and NMR measurements have yielded R = -2.5 in silver, e,7 Generally speaking, the magnitude of R also describes the relative strengths of the exchange and dipolar forces. The static susceptibility of silver can be expressed in the mean field theory as
where Zo = (2 nK)/T is the Curie-susceptibility of the non-interacting spin system, L = 1/3 is the Lorentz factor, and D is the shape-dependent demagnetization factor. The Curie-susceptibility can alternatively be expressed 9 as Zo = 1.3 p (SI-units), T=0+ T>0 T=+ oo / T=0-T<0 T=-oo Fig. 1 . Zeeman levels for silver, displaying spin populations both at positive and negative absolute temperatures; T = O+ and T = O-denote the approach of zero temperature from positive and negative sides, respectively.
